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第二章研究了金属试剂 OsCl2(PPh3)3与炔醇配体 HC≡CCH(OH)Ph 的反应，
得到了羟基分子内配位的环状锇乙烯基化合物 2-1（Scheme 1）。研究了该化合物
的反应性（Scheme 2），发现在加热或碱的作用下 2-1 可以转化为锇呋喃化合物
2-2和 2-3。这可以看做是[4+1]环化法在合成金属呋喃方面的应用。2-1与 CO以

































































































出了首例金属萘二聚体 3-3 及第二例金属萘炔 3-4。并且实现了金属萘向金属萘
炔的转化，这也可以看做首例金属苯向金属苯炔的转化，为合成金属苯炔提供了
一种具有潜在应用价值的合成方法。另外，3-2还可以与 H2O发生[4+1]环化反应
































































































第四章研究了化合物 3-2 与乙腈的反应（Scheme 5）。发现它们之间可以发
生形式上的[4+2]环加成反应得到首例后过渡系金属吡啶 4-2，及其衍生物金属吡
啶盐 4-1。化合物 4-1 和 4-2 具有顺磁性，这在其他金属杂芳香化合物的研究中
未见报道。化合物 4-1 还可以与 H2O 发生亲核加成反应得到氮、锇杂环己二烯























































































































The chemistry of transition-metal-containing aromatic compounds is currently 
attracting wider research interests because they can display both the reactivities 
related to organometallic compounds and the aromatic properties including ring 
planarity, low chemical shift. Previous study has led to the isolation and 
characterization of an impressive number of transition-metal-containing aromatic 
compounds including metallabenzene, metallabenzyne, metallapyridine, 
metallapyrylium, metallathiabenzene, metallapyrrole, metallafuran, metallathiophene, 
metallanaphthalene, metallanaphthalyne and metallabenzofurans. Among them, the 
metallanaphthalene, metallanaphthalyne, and the hetero-atom containing 
metallaaromatics such as metallapyridine are very rare. In this dissertation, the 
research was carried out based on the reaction between OsCl2(PPh3)3 and 
HC≡CCH(OH)Ph. The osmafurans were synthesized by [4+1] cyclization reaction. 
The [5+1] cyclization reaction was successfully used in the synthesis of 
metallanaphthalene and metallanaphthalyne. The first formal [4+2] cycloaddition 
reaction between hydride osmium alkenylcarbyne and acetonitrile afforded the first 
late-transition-metal-containing metallapyridine and its derivative metallapyridinium. 
This dissertation contains five chapters. 
In chapter 1, the research background of transition-metal-containing aromatics was 
reviewed. On of the major issues of this field is the synthesis of novel aromatic 
metallacycles. In this regard, some strategies were proposed based on the previous 
work of our group, including constructing metallafuran by [4+1] cyclization, 
metallanaphthalene and metallanaphthalyne by [5+1] cyclization, and metallapyridine 
by [4+2] cycloaddition reaction, respectively. 
In chapter 2, the reaction between OsCl2(PPh3)3 and HC≡CCH(OH)Ph was 
investigated, giving the osmium vinyl complex 2-1 (Scheme 1) with intramolecular 
coordinated hydroxyl group. The reactivity of 2-1 was investigated (Scheme 2) and 















solution of 2-1 under reflux and treating 2-1 with Cs2CO3, respectively. The 
compound 2-1 can also react with CO and DPPB to give osmium vinyl compound 2-4 















































































In chapter 3, the hydride osmium alkenylcarbyne compound 3-2 was synthesized 
from the reaction of 2-1 and HBF4 (Scheme 3). The first metallanaphthalene dimmer 















via intramolecular C-H activation of phenyl (Scheme 3). Furthermore, the 
transformation of 3-3 to 3-4 represented the first example of the conversion of 
metallabenzene to metallabenzyne, providing a potentially useful synthetic method for 
the formation of metallabenzyne. Interestingly, 3-2 can also react with H2O in the 
presence of AgBF4, CO via the formal [4+1] cyclization to give the osmium vinyl 



















































































In Chapter 4, the formal [4+2] cycloaddition reaction between the hydride osmium 
alkenylcarbyne 3-2 and acetonitrile was firstly reported, affording the first 
late-transition-metal-containing metallapyridine 4-2 (Scheme 5) and its derivative 
metallapyridinium 4-1. The paramagnetism of 4-1 and 4-2 is unprecedented in the 
chemistry of transition-metal-containing aromatic compounds. The osmapyridinium 
4-1 can also undergo aromatic nucleophilic addition reaction with H2O (Scheme 6). 














































































In chapter 5, the innovation of this dissertation was summarized and the prospect of 
this research is presented. 
 
Keywords: aromatic metallacycles;  C-H activation;  [4+2] cycloaddition;  















第一章 绪 论 
 1
第一章 绪 论 
芳香化合物通常被认为是一类由 C、N、O、S 等主族元素组成的平面环状













Kekulés式   Dewar式  棱形结构式  向心结构式  
Chart 1.2 
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